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ABS JRACT

Thbis r~epor t smamnarizes the' first yeair of progress in studies

involving,, v:Ipo,,r umissiofl from w.eld pools, deinof an infrared microscope

for eT urie of the WCelc Su rface tm (rnp~rvI0, uitrasonic detection of

the( Weld (Iw p)IShiwp o, sIur.-c re rl.ect iv ity of a 1 riimm, s ignal ana lys is

of tile woe 1 h i ;c',tLg and re [1 ct vi. ty Of aillrni nura by a carbon dioxide

-- laser. The rC :i1 tS Lo daite are, prellminary.



OIiA'" SURCE~ - Mi.\IiR I AL YIER1AAC'T'IONS

l)URRINC: FUSION- WELDIlNG

1. INTRODiUCTIION

This i.,- Lice. first annual Lechncical. report of In extensive research program

pilcas ixilig we !d ingo ieu The overall goal of Lhe program is to develop

an uxtdcrs Land hcg of 'hce tnuer inl wit clh thu a 1toy e ompos i iou Affccts or initer-

aIctS W ith the Wc Idi ug' pvccecs. Four exampl e , in a cc wel dinog, metal vaporizes

- fromt the weldc pool: wiich ilters 0the cocctposi Li on, the electrical properties

anld the1c tite rmcai proper ti cF. of the arc plasma. Tiis in turn alters tHe aemnun t

Of hea)t LTAnopo ted to the metal qtirfaice, whlich1 results in differences in the

Shape of Lthe Wk'ld( j)oof, thec wel d dep-[osi L chemci stry and the stahl 1 y of the

wel in prC c%-o 'lie:O Clit ac ges would n1ot be Of tntereet. were it not for the

fact t;cIt p ccviotlO sit udie's haN' 0vc showni that minor clhangt:-; inl mcft al- cocaposit ion

cot an~ *a 0  ci't 'i u v~e'('2d depkosit. Ch~mngke,, ill scii-uicg gas ol:

ba , a e meLl '.Ouipo i t i oil thu orde'r of p8,1: S per inil lion canl rvducu or ilt-

ci-rase t ,( of he we i pool. by se:vve en.1hedtd wceint (1 ) Suich chznges

C,1t mu ,t be rep .118 j mc b' ott 1 pt-esecu t tcchi't'c;Lnllding of the weldinug process. ll

add itin 10 l ilti cy of t1c pity:: ira picono:t'ca A ct ic be [nx'stiga ted inl order

to 1!wertaidII c'hagec; net ed ah~ovc rc al 10 vov ide ite~mF of conitrolIi ag

HIte welding ' ptocts ; Ite'the weP 'rseit' hen, is of tiore thmn just

:tccdccit'ict t:; It i:; liopcd 1i) A thec'e.'c t will providel new~ jinISight

it to e igtij tyic ;Wiicit have caete ccl
1

cctwI1dbI I cd inpr'iac

ttc\? t echitti t c'e 1,tm11 L ic ndcr 1 hqi' t 1w well i tt, pruc. Both of-

t ',.' Ic pe s , F f tcithi t '. d , w iI I I aid f i 1 1 1 c~e y in1 i I- re itiq lit, ' (' r I

t c ilt li t , wi i ll i I Ct!c cci Ii I d L0 jMiric0Vk'i 1 t)OLIULLi Ni! \
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11I.. ACCOMPi [SHI;I:N'rS DUMflNC THlE Yi.M'TAR

In a project of Lb is size, and in experimeon ts of thec couip]exi Ly which are

underway , many of£ the fi r.ut year accouip].isimcmn s consi st of organlizing the

pulrsonnl and equipliena L o be USed during the project. The effort during the

pas t twelve fol) is has emplisized the fol lowing:

A. (opet-A J 110nadUesg

I . Opt ical mc . i ci~mno aim 15' zr spec Irotlet-cr

2. Infrared Mieros copC

3. Weld sigiial anal ysis

4. 'Ira onis tor-bat t ry bank

B. F:ilur iimts and Pro] imiuvirv Rusolti;

1. 't he rnodynani I ic mrodcl of va pon z; t 1ctl fremT- weld poolis

2. Llng, tinir sp~c i rC'scopy

3. Ultirasouic del ctL~l of 111C Wild 5(C,11l

4t. lasit jur hr transfurm ;tin lyis of thie wehfldng vol tage

L". 1~ 1r vel. d i 1w of- a tu;'i illum anld zli a a~!llul ys

6. I' ro~esfor wke Idiil ' ' u ae c. <

The prc;, es m :ich of 1 Jw., arke;!!; will be descr ibed briefly. I t Should

he nloted ;tt tii outset Iii;'t the- ,;:e r~ia tclics Zare sti.lIJ in progress

anud the j - (tll-; 'inete re of a pr!iriar ; Ir.

t .Ot1 I L i c1:1 ic I A wl vxzsr (WIiM) S e--ct rotILr I- Fc jo :wl j1 --- '- .- t -

TII (P A :: ire'e I tT in. 11 w h-g I c In rrg'z! t'q ui r.;r I tpu 1,(, ise o f the(

p I- . F1 1'' 0 A i t :a I is i t,; wi d in oi. Os I co:,puot -,r cO, Lt -ol1 1 cal deLtco r

( [I . 10 'i. wIi :; ) o f Iil, %/ ii J eo Y p", j~xbI c ie v i1;" nd st ori 1iig

.: I1 10 i p 1 I ;.',iIIf:, 4 -f '101) ui C ':, csId.1 twn l, ioi. W t- iInv.-t il -s,

llot ;1d v'. iii 1 Io i I I c lt ('11 5)l1 (2) J1(1 :. Von IG Ct I id.Aho (3) li;1vc

Li: ~ ~ ~ 1 'I Il 7 . . . l I iol (if k, t iv t p Ja; . 1 .1 I v p iI 0 1



3

a brie f series of tests to determinec the spatial distribution of Mn metal vapor

in the plasnia, wvii [c Key uses the spectral data to determine the local tempera-

tures in the plasma.

In the present. study, the OMA will serve two lunctions, viz, determination

cof the tem11poraJ and spatial diistributions of metal vapor in the welding plasma

mid detection of the signal from the infrared microscope.

The importanre of the temporal and spatial dis tribhut ion of mnetal vapors

in the arc sterns from the faict that these vapors generally have low ioni zat ion

poton tialIs compa~ired( with the qield i g gases and hence the metal vapor dominjjjate s

the cdec trical properLies of the welding arc. In particular, 80 percent of

the heat transported to the vo'Id 1po0l is carried by the welding current.

Metal vapors from the weld pool. m11ay alter the distribhution of the weld current,

thereby a I tringpth heat flux and the el ,curomnjneti call y dIi ivon fluid flow

in tho kqel1d 1) oo 1 . I t is aInt.1ij-) aLtd thta t his da~ta w~il 1 h used as inpu t to

a cm'i'$!t r mod(' IOF- thk2 arc p1 a.ma aind wcld poo.f. 7TH.- model is p~resetly

beio- 1 u, d vuJ oped by P ref. J. Sze of 11,11 under contra'ct with the U.S.

lopa rt rk-nt of ltep haieLorySri elICee

Alt bought, tht 'i f\leer very sopisti cated opti cal detector, the

opt ira I i e gsy: r i to eL 14c thk. posit ion wi tin the arc plasman is

(litil I crit i cal. i)uhit ' the p~st Nlenr Dr. Chairiy All cmuaodi has designed a

ref roe t i~ e lo.; and 51ati;''ttCap-abe of tile fel lok.'igw

1 .i't( or ili OF of JO majyM01al ecmenLt a viti a srpti;al resol li ott Of 0).]

Itsl mid a t t 1it Irsidlitma of JOU iiliti coods to 01oc :t&cottd.

Nt'I-)t iv, ( A it 11('1 ];t io; atitl ) ti;a r Wit I proc i!Jen of 2 to

P.1 I, cc it

2. ~ i I I i n 1'la1\> r h bc oi t i I 1: ith -I temp1oral

I. ii, I a li * I hesii I *rar'.fi1 V)pi



rE.Solo tiol (If 0.1 11 uun.

Separa Ic opt ica .1zyoluL ts re neddfor each of the thlbee mea Su reme-itts.

howeJ1Cver the L traviocet -vPiie lens is thle same for eacli layout . A brief

deserip Li on of the, de;i gn speci fi eat !ons is presented inl Appendix A. All1

c01np(enetits have hce i urd c-re.d and received, The sifx ulement(1Ion.e; lijs been

I en ted and fuund (o( per form wtlinspec if ication. The entLiYe optical layout

for expe) l fon ir 1 ab~ove, is pre ('itl y he i n l :eble

A. 2. Inf-_rr d I"iL-_'i;C0 0_ 1")C (11.1i)flCilt.

Althbough ioit vi rd m c rmosce; are, ava ii ahl ccri.:e rcia.1ly , none of

these syl:teas are Pe dl ii goed to 111"isutrt tempera t nre aL; high 25tsos occurring

inl the wcx1U pool . bui Ltc pfaint yeir D1W. All en~iind hzs cldnic( joP reflect iVe

1cn!; vyb ichi :In,] vae, thc i, por-t ra flvom z 20 Inn spot onl the surfalce of the

welId P(an] . A hr iof kle.eri pl ion (-)I tii; a IeLla" is giJven ini Appendi-x A.

Tctivlln ,1. beer;1- :Wielwa Ii ; 0aIIdVegas n arc, b-ein-'

;iln;in i
t

. I. id i tesin jitieite th.tt Hi~ev~iii anld polishing' of the

TII aitLlI Ie for )- vl"" I c, IienI t o)f ti I IIi i teOapI) t. IIr ( inlfrarI ed m'licro(s cope l.iecs in

(.I(Vke op: -"!I ot (d;In d, v I I)d i 112' 0 1h - O ai0t t1 rIln~i)01t an1d foId ConlVec t ion inl the

we Ld Ia A,; mv~t iipeyiis].' e0a .;u i:; e thle slrf;IC Of tIIe weld

po I be.,-a h4I' I heaI~t f1ufn tele;.;e-aelstiie 1wteat los: h

::etn; ;l ;,);! i 11 tii- ' 1 1rlil pIa . 'I. exi hetL i s Loist froi thek:

an I ~ 1 .li;'I i 1 ion f a 1 ri;;' ino Iei1pa , noelh .;n epr ion of

;I 1''a . t i Iu& it! 1 111", 1::t- t;~y h. e ad Ii e ;'a it, in



f Ione t io oil all1oy compon it[ ionl shIould aIi d i n underS ta nld i rIg7 th Ions o0S)f al1-lOy 1. 1ig

eciren tss from thu. wel3d poolj PreviLous experi ICen s In our I :bo rat cry have shown

Lira 0. 4/4 Hn can be lost Cf£romn niihiicrE arc we] d POolS by Vapura t Ui" (4)

Tihe tra ri;1Intori zed weldcin rip, powr supp ly (dec r i bd ire oW) Will [peruri C

ilwaso rerrIert ef th ire A S ci urface Leltipera turcr; by ('- t Lon n ire arc aird using

tihe IlkJ)i speed eiI jity of tire (ThA to dctCct (heflu ~ raji itl !on withii n

les"s tihall 11k, "11i I I second . Ihc thtirrial Cuil( conIStanIt of tihe Lel d pool- i!; mile]]

grezter than i 0s. In add ition, monitoring tihe cooling rate Pt a given Incation

as a Fucrrction of time will Prov ide Sortie iiiforrcALi n onl the Flu idc flow beh ray our-

of tire M'Id pool .Wi thr tUP design arid receipt. of tire equ puirnt comp] eted duiring, tire

pan"t year, tno rli II dit;l Shrould I)( Pui lcoiy hi: rrg tire 11C.I ytear.

Pr. 3. 1tXid rmiAs 1 inVr in

A welidini,%i i rcrenpond!s to Ioho c erji[:Ic.1 changer,,-; ~Cnd gesrtricleinil 's

wit k,- ir1.nr c Ilnc anly d itat ichic e of tii. a rc 2tuc C~t'~ aI C!!,- iln

tir w 1 iingarc Volts'>. le clr;;r)g;'s ilsltg aIlter- tire lest gk-m, rated

in t1r- iicnrc, x'h i clieils ('apsnlis--- teal 01- (tit fat ioln of ti- Clma.'in

1 ini:i w;c I i t i o I - r"( ce c in 'I nInu I Ic on I apr55":I d I Ii in w c.1 d i ny

Si nce 1'arryIN u:!-:('cr r-i' o a kde us Cci dltc Ia dt i to I I tir. pI Ir .I-u In ri

to tire are, il cmio ble coirciudier that the oSCNHc I toi;Of intenaSL for proccon contro

okcuir i(a th lr u a i J rw-iq 'cr I~n . n amI at t talp I to mkreurni re tire!-ze ciraige-s ;A fas t

F"rI r n 1i 01 t~r 1W k' I dii n r iu ',o VI tLn In nCded . Or1 i 1 nci 11, a h;Iid ~i r( d

Eli' 111 It eI v Iwus. 1 w I M pInalnsed , ilIt i Ltzi d(.((, 1 e i ma(d tha a; i'oru)l rteor w! IlI

ari1 icrc koftIuri ckLi' I' prOrs tir nurse,' fInaret i 0a

I tn ' % I )I I ,ne, V'1 .i' vI-tu I creed on r Ln ' il (: tap n ii ," O Fe(d i a) to a

C ' a r i "' i t I rigri I PI c r i ict- ilr J-u''orct Ir ct 'M I T. Tr ir k, iI

tI's t~-~t. 'i~ -rrrnic ;,. ; 1,i iw ' WCi l i INr 11,/2'3 crsi ' k 10i1-s> iri u-d e

IX: ii -u ~m ai. I, -. ' ri 'Jui i ill h.I,-; 1' al1c c e ) , i'r or1 V;1c 1 i of ' I
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TIhe resu I Ls of some of the FFTi analtyses are presented inl tlic experimntal1

A. 4 . Trans iato -ci t t crj'PwrS~pyEj

In order to lIWas-ure the( voIlage oscill.at ions of the wel ding, arc, abse-tnt

Of t he oscil i i inni iii the power supp. y , a pure DC vol. tage source is needed.

A large, batt-ery vj]a, a rq uili-d early il n Lbla_ project Mid dL.Saigo C) f a trans is tor

bank to control the ultput began.; however, !in the L-itc fnal it w'as dcetermine d

that a 20 kW t a; aIo ank WOUld OCi U SelI ni in fo tm cc studies of gais mettal1

are droplet forms Lin. Such a t r;ttis ier bmtnk is beyonid the scalIe of our

expr t iSe' to0C) I cnt. 1-11C . Coummercial- vuri ii are zVivilable fromt Japan anld

Cresit gr1it a i nzat. Co!;; a xcee-dinjog $4,000. Ias tend , AlKt-xsnodur Kuslo , Inc. of

NeCedhirt he i. ;hts, MA vics colitinet id La boil d a huigh ciirrent. D.C. reg,,A tor- for

h-[l f tiln pi, nc'. The s peij Hea't- in11S Of this1- D).C. TregulIator are given in

App(~ "", I. J- cm, It Ft det ( -, n al i 1ty to-- ha i I d1 GIi is sulyly as they7

de )l vcd a 1t LW K iod to Arl.j;nhrbICI of time,: O ma taEw sweri iitg Deplart tlikt

isLa SnIMIA- r . by' Nwti,b Ic r tii 10 kLW, sys Leer lIZICd hil Cti tond rId provenl catlali 1

of t1h" :;pec if ie-itin.) InT;nr1 r k-:c (intr tLed for ai 20 kL suppl-y to 11C

(liivct'-d ii Jtome(, I A~tit all C) Itical civjscwnts haive bleen received

anid II c--tht n is, mnue; Cotv;[ I'lc ! i. 'lt- del ivery da;te ks expected to he

1k , -li~iu~ il i '- in to can ile sI atII cisOf WeL d noise 'o acSOn2

17 dt II tt.11 t'l p rovi de a uit' -of 111i a uc 0

j , I ' 1( i'7 l cite 1( v ; o ;-,(1 Ill. 1.!: 4; II-S~' I i I n m b i' Ik c t

I . ~I , ,s L' 1! 2 .. i an IH I ',*C , Pt

a-- ~ ~ ~ ~ ~ ~ ~ ~ 1 ;1; 1:. I 'stc-a e5 o ,Ia'kct-t
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Llle lict. t t vito port cd awaty f row thet sttr facc by cond tic t In ,c onvee t ion and

rad k~it jolt, t he exccz0-O; Ittat accolim]lat i lt, oll thc !;t f acc is; loft by evaporatiin.

I ii a j'itt iniiticr ia I, A, the mrtt)bor of ulo c of wetaI evitpor at v d i s equalI to

dri
Alti"

(yap

Who-rC doI is; t ito Mtio I- Of tO] ii; Of lnit-tLtl CvoI4p01ratc d

(IQ is tLip. c:K.ck-os itoe; t rttn )o)Lcd toa tlle stlir[I co withell is nlot rcr.1OVed

by' Ymcii at io, ccil~uo Liton or cntiocti on, an(.

1%[ 100 i - t Ii o ilm hot. Of CIx'tpoi aL i oOf t 10tei tal.1
c V, (t

ThO fre eiiorC Cl iottie ooooel ate;O! lLd w i t t I nrtla it is

A

p c i o Ct t~-st .liilld riO -lf of tzLi t ept~ ttt

fo ~ ~ ~ ~~~lcl 1.i it IV, ti cC, -sietti ro t inl titelo prt t of a ntbra

ii~t10.I ozo 1" l I t i I c Le i~cn 1ts

Vath I I

TI if i t v, p' ' vt x'. L T1i fO I I v :I ~

iii ft it cli' 1 C :1'.. 1.. 0 ~ t ;1 11, 1i 1. oPioL s 0 f i r c c ot

tO v, c , Ii w l L )



coinposLon (if the Wcl di~q zill arI pisn ,acrics of csu-Llprait drm.

flIaVc bQCi dcvIVCOjid for jirOn bl:ise Alloys;. L~ip. nfor n ickel, maingancso,

Chromi ium anld a rIzumarc shown inl Fi rc.; .1 t iirotigh /I r;pCcct ive y. S i nce

LfiV we d0 1 O Soo ofC;t cI haS anl a.verage tcipip ratnro oif aplirox.iI ta c I y 2000' C,

t he dom inatec me tLa I va por a.i Ii\ 11 oy canll bct L j majt cd by usc o1 those diora

F01- L'XaUIIJO c, 11 ',il rC 2 ld iCateCS that at '000'o C (2a1/ 3 Q) [ronl and 101ijallaese

vapor prcsfniirea n ffo:ii)tl c-,fihi I il It Lo alloy steel (oliLliniilig appif--

illatc Iy 0.'/ X. ZI . sta i ;lcf;!; a I Cc] cf Gi 8?Cnnd 2"" Nil, ,;n is the clomi~wia c

*specic; ill the V;Ipur. Tiiis datai h: Cownnint (-t xith prtLV lOne ob!-ervatioii; inl

Our labora tory tli fiat u to 257 of the Mu a] loy inl a 1 .3/ !hIi ca ibon at ccl call

110 InSt 1wCb pla ll dtiriiin ;f;i'Jae.*]d gw I7IC theL SiilIC01 con"tcntL

ircmiiiie 11unchiangi(d . (!I)

T I I t IeIlI n~ i C. 19 ; i: i d C 'i 1We oXt n-i (Id 10 I-0uI C ()!Ili)I (>. W',1f (1.1s in1

ll ih cc: 1njiiild-; O )r; X iJ5 f tillt, ~ iV (A. atlC i'r - fc~r

t ,iImae n~ nhr;- -nnn m re idhon in it,, n5 lC 6.

U:I' COf thto.; indii,. u;i;;nLnitiLon) Of tlln tendene(';l for dif;silionl

Ori fol;.I, io! Of v"pin. dii in Va 1 in. in i; rinw ioln riay be iiportaflt

i I n L~ to Id ii of' ( f I It'.-1Iii( if I ('t ' i (-it:; F' COmy;)lill S ;A 1 1 1 it y Ufip I ig " 'e] 1i

f, iv JIn ,. \IrIi; 1:I our jI;i , acltr I y Inn.1; sl I 'ii I I It T2 i I i 1ft :!j 111c~t C ~t i1 s 5 Piti luAI

fc ;!; nf,1 ib i il thc xioii mict;I.t t1i:'1n i [ill IM; 1 L UILt:if ,I r ~ ri to aI

I(l(lc iofu ) f It i.:ii 0 a lii li I o n n l illI ~ i iti t hc i1o di Veil. (

i 1i 21) (p 13; 1: Ci Ii I it jin 1) ~.u ~ n'C ~, j ~ 1  L

tI!;lt ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 Oilt oF Ii L di 0YC .nUI i i nlS n, 'v'i



lilO e 1eat y Uol (0I ikl,iCeat !oil Iatlhoi' Lua1 !In the I icil id Jhi~.1 Sdl

(iI h i,; notl (ifft-rcilt thanll t l 1g ilha precipi tation is wore prcelailt in Ohe

.IO i(I ji)) inl the( I io id, tIowVtki c, tAWiew d i at, ia nu al I 1 ow onc Lo lu;nt ify whic 1h

jun ipj' I(- wil .'UkIIl~:ivc ill thiis i'iler. Ill a1 teo] Which uintO hve a sitril I

frI t i ('1 of i L i .- (itt a corrcllonliis,, I v Ilow act ivi ty) the necil IvOf te uvcrt ica I

arx :: of I'ju i. I ul i i Ii f t cd to hii heI r 0:v,% eno p rcssurt'; . y cs t i mi;Ii I l; t lie-

O ,y'u-o pot cutia I of t Kw 1(1 iii H eT ,:liic (1iO , ind tie zici vity (If Lte alloy ii

c I (T::" ii ill tihe wk4i ii ita OIt, call vsi j:Iu. i ;I d qUaIiti tt vc Way ' Uhetic-1 thlt

a IIll' l ch ii wiilit Vil-I ht' pre'fPIrCIiituI) 0O:idijzed out oif OhW liIti i weld licill, whetherl

Ilwu o;i ide, wil O ic it in soIi di f icat] iion r1 w~iieIher it will 1 r lail ii (Iicol'ii2O 11)1

li Ii; Ii.1,c h~ IenI colI Z;truttxd for xciii: J kui(-(ixygel( c Iroinij umii* zl~ t iii

d t l 11', CiIII A I It' 1. jt ItP ( f 'lt

Ii 0I fi t11 1 hI i tb iL i f; V Iv 3-, 1 V~I Ph f o ~t ~t vain0 I --

;, I Iil fri niI a ll vc I~ d 11( po II 1CV a) v o g I 'd 4) 1 1 u e1; . 30 no e

Ow~ rij~l oft thi i i ;o (Oil ;11 tI ll t.1 e il. iiv r ( i eJW it sl o iI ofed 1

1id V(ii i I lii mI ii n 1 I.i I it( i i i I -p T j lit -i t I i I-a Iol

I i :-~ V I II, i* ,i'l I d..' I I IdI I .. Vj I I li 1 1 1 'i I



Sp(c roa'p e(Lla B P) di' tii;' I oiq Lim In cling inl welid dcpoJ1 co (lmpol-

Sit ion an conjk COI Hlg h 11. illf'orict ion wit-h Lii' cing; inl ;,ectral intulnni ty

dur Ii og I ie es)s'1iiient , (MIie Can Q,,; Iiinatc the ab:;nl utc rate of vapor formnt iocn.

Such intorilimi ionl is ('alL a.if ) detailt'(I computer viodel of inetal vapor ill

tin' pi~ai , Lo LI 1)(9 pe onrad . A!: noted precviously, Prof. Szvk,.1y is devcl~p-

il,' !;;CII ZI 1iiodC.]lhC ud r 11 sponau ra i p. 'ifs v- xi0riul1nt coupled with the

ai':li jal di a LI il't ionl of meta iIvapor as del irna i ie,1 wit il tn OMA svatc-ii !7Ilol1d

1jroV ide, VI I~II It' i lipht. to tlh lllodc].

B. .Li tmao; 1c Pt ti't ion oif Hie W! 'd Suai

P rof . iHa' Id 1- 1 i;i1 (dIt and "'I. Jo'.] iKa t/. of th' Il'pni-tii-nt of Mt-ci;:ica1 ~

i~n ii'e' o ae a uy' n{the p~os iibi 1 ty of un ~on-lint iic ot;1;oll te Lo

iiK'ilitol th',' ic 111(1 '!ap of tim 1 l 0( 1 dillii lp Lil~t' p14 1.', Til. h y have

1or t')~ I- 'V ' il,; " ae ' iai I ihi Licl. for~ ul 1::4. I 0 1t fa 04 v 11 10 c]~~;o h

1001 1i11'!' rI pai I *' o 1, tO ti'i is I rc vo rt t'I in Ao4h d i I

1; .4. Youl 1;; r I r Tii: w 4 o w Awli I ia ; o f t hei c. e i I '.ai''

A.-; ot t,- t I L'Vi I I fI ( ' I 1 1 1 UC; Yi aI I 11. 114 Y. itI 1 -h' '10. S.' ;I

J) t 1 11, i1' t i n 44110 t.l '-d. t 1 f r )m' (1 i c Dl fo t i c1 111 It4 POW',1raI'

A; p I Y 1; A ; I vat i d d4 i p) oiil t' ;' \'4' t t L.~ i i '11 ; 11, :J.,'11 i ll' .

/b. 11' Iii.tut1 1 , C .! Y I

'' 11i i * ;. w,



;j 5IoWII' ill I'] I',Urc a kind 8b . Fil gore 8a YcIljr('ents I h AC ripplec ofr t hio CjIA

wc-Ld withlout copper con taminatin and Fl guic 8b Shows thw salae voltajC- Withi

co pper (4 411 ti nat ion. Little ciag.can be di tee ted in thec realI t im ic n

how.ever 8 gi l c and Bi, whi cl arec the FiT (if Figures 8a and 8b res pe Lively,

s005' that t hr weld wi th copper C on tam inat ion weld ha,, moreiii hgli f requelley noiFse.

At p resent it Is not known if such si ,,iial s arLe repirodni ible CUIOLie,1i for:

in -pre eon on i olio g oif the wel d quality . Withi thle nwc'it aCquisl~ tion ot a

C('1f)Ipnl tll liU (LClho idtOr-y, it is hopIed that a1 ciLa log of sign.-l s from vield log

1* . 1"a1ser WelId ill?, of Al W;inul LM 11d A I und num Al I clys

A iuiber of previou:- 1XinOSt [jga tOr-s hove founrd tim t tile Coup] i lip of

Lule;r ener-gy LO a llukml us very loor. Theure. are two poE S ible o::lal ins

for thlis- tli: er'i, VI Z. tile r'ft Cct lviLy of the sol id At its 1 f iJs very idi , r

i em. 11 Vt ivc y , , vapo r fon -1--l" b : the01 1 0 iL 1 iS L-7 1: Z d l t i 01 f Io0i1ICIAI rte i 1) L i

S 1.n)Ce AlI a 1l oyre yo II Lan 1ig i igj 11 y vol a It ii I e ell~. ae at sai ' im 11' 1asNg a Ild Z11

I ~ ~ ~ ~ ~ ~ l Uml 11'. i i xto'one im.s 4(el Llil rin'd i 1fat Sk i, a, sn Of

I I0 I I I ' Ii ' sd Cri (",1 ';1-d , t 1 e l p07c ''I- Ip Lie o01 f r 9. 9 9 9;' Al. andI c

a6!-).1ainotile Lc lcet-ropol i hied and ;nodt zed sur face cnd~itions. The powerC

;16ilo pi i For (acii a] ioy aI! a funct ionl of tille at I ovw inic i(lnt power is

101ll Fig~ill-c 9. It wil hi. he ii~ed thattLieI;. aecjdi o of tOw pure- A!

12 Lt t 1 it ct i'll t 1e( v' aso~r p f i o n, w) I i Io t Ie ,f I et oL (I Irtfd ;I cmIdii-

iiiI li Si Vc L' vrY 1: TIg W 'hSe Ces YC to I )I ti atL. low Po.'e

* Iz. ii m: f irm I[ i~ in 2 1line do' Ii1 lIn t eiLIm e o0 1)(10 1 simm' cosuip) in!,', il A].

'' 1 i :01 ne of 01 heAY, a I 1or w 1.1 1 uprm;p1 im;Ima form'I li l whi Ic

t l \ I 1 .1L 0 i 'mp u il , n IT 10 t c 'ft I t c f L th k' t i



Rcentil re-31il (S at 11114Lg1(r 1)W1 acVwm~hi cl pituelcc; 1 igoif 1cII ml.i

thatsV 1: p lasriti fe mi i ia may Ile less iImportVanit. No fiiil onic his ions

Canl heci i-awn from t his proj ecu althLii s t me_, except for thec fact. thatI coup lin g

ii! lalser po(werI to theI urn 11i num sur face is a four tion of bot'hi alloy composition

ansd stir I - ce Cenditionu.

b.C. 1' f or We Id ino, At c Anialys is

A miniie r of previutts invest i gotors of welding, lucreo used tong;; ten probes

rot IA igthr'otlgh C, -airc to decltriie te voltLoge and current. distribution

it; LieL c Wre ;ve cosurc ctd :such a probe wliicli spins at 3800 -pmn.

No:t wed i;I rVet;( i gi L (ii' hove used the wxcunvol tae )s a mndi cati on

( he e en I er Ii ie ol[c of the ;arc' wh ii est others ila c use'd the

cidil if Il1 tl to inf sV' lot:;? eulreat (I iWurihiltien, if coly onl

,I I cl"I ive c; tle tjlcro alO] hi otion of thl,, ope f oar pieK w, iLt Win

di:ct''&r'd icct thur peW -smrt i i; ;4idtbl it 1,lI' .. uc

V(i]l;tat'' of 1.0 cii;;( :cc.....l clefsi of 3.2 l err wich Ar; chll [ ot

t;i. 1);eo~is x*iti Li v" (-,I I'i\t ; Iu Oi r it ' lr t

in; ni't f Uiir dcily soI;Il r AIlwholi so;tic d;;~i ; . ! be obtzia d V m t ere is io

c''I~cIwtin; : I Vt Ii l~t I A ii wlik1 i t o hi 0 i vrlr I Vi rk-ui. Is. lor UlII,; ri anon

WC ha~ve !cWii)('tid'd I n'rt!ILI 11ji01'e (2 si ,eii(l k. i ( rev icxJ' up the ci ii of

('l i iir\'!:f i" (ocr_; V1h :I fcv' WWII threte teC'hr (11h v 0.

I\ es of 1) . ii. A. Itcit o, I de; 11 N o'' \,: lt v 1rc. Inc,
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T1hC L' Ijt: t C Oik I. Ll 1 vie? Of tht i r-V iCJ Vk-IL- the- F01 I owl If

I . The scope of the pro.-ram h; tOO hroad 111td .1iOU3d be narrowutd

2. 1he weld no ise signal analysis I': X:orLhWh ile and should( be cml ha;i zud and

3. Thew we d pool stirfaco tumeapra tm- mc ~asurcnuucnt is wor Lbwhl c[ and sioul dI

lot Lbeci drol'Ipd.

'Tle cotritic-itt of t lie revilewers were Very help ful., andl it i.,; intendted du r in1;

the ctirrvnf- year fhitt the fo oif~Lcpiet; vcill be cnb ye

1. Wel1d pool( sit uf aCe Opu ttiZ~)C-le suei*nU:

2. Ci. i ot spc~ctrusos-py o1 we 1(1 in- arcs, alnd

3. We.1d vollw 1ae ;igtwil ait1 si

It Ls not s;o 1,11c I a met t c- I- tia L the t)L liuY pl j e Is cire not vmo- huwhil 0

bUt it is; deeiiw cI tht! the L tI i projt cl t. il It' it~s ot-, rapidly if an

i n cns ivc st tidy ot f I hc.ae thlree (-0 11 i s ttld r t :i ,n .t~o I helk, 1 k , he f I-s

year ! ha;: we o r .atr i . 1 L Wasl- aI V-: w Iw ii k! 0,, i k l i IC ''t11it 111LI

equ i pt'ea i. It 1aS I)C permi t( edI esji)l era tory retl into :j 1nn'wer (,f toepics;,

li I 10; c ro ton p) ; ore wich I I ii be colt tnuted dt~ 1t~1w Itt L 'v lila' tils.
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APPENDIX A

Des;!,ig of infrare(d :!nd IIItravict-Visi blc

fo I Use w i h M

p roh)i (-ii i)c 1 1 ait inm; for ELxp(.rilicftzil1. Se tup

I. 'I'll( welI puddl1e stir facet emipo ratierG; i s to Tic ii;istircd with a preci a I on of ±10 L

with a nptLircfsaution of 0.1 mia.

2. NMjor clca. mIoriit a arC Lo be obr;cervt-d in tfie welding arc at a spatial

rt.e] ut iin aOf 0I.1 p.-i and thIir e volut ion -,hiotiid be followed wi th ai temperC7a

reab!i0I at i onoOf 10 !,1-, tO 1 1. Nt II at i, yeonceit'ititotis shloo id be mc-asulred

wit i a u,.' o 2-10,K.

3. IPapi a of iflt .! I cjcetntin hould bit observied :.11 the parc at

a Lej"'lI) >.,iitA of(i 31 ps V-) 1,311.

in' ] iLonci.litlt itos bhn e ohscrAved in the trc wi1th a spatial

e int ~re to t lit Ot: gun .1' fourl dific rctn t opt-ical . layou ts arc iatv(dd

V~ It 1) Hdd ; i (I I , 1,(1 1 1C s pcif ic re I q ie nt!S Of 0n1 C ru 0 oI )cf mien!-,arevi i .

TWO d itfcI l d ia priaciu werc fol Iowed that are cl eScihcd in the fol oiing

.,-" -t i t,:!- : ih i pi e i i en ill l';red 111) ad nit ~raViolet (U ) -visible-lizScd

Optd [ca I t. cxi I),-;.

Pt he k. L11i: f uit ttii r o o W i ~ i .'n d o I g 1'C iI- nick -ilT Pr IIiC 1) 1,1CI b:.

rodic kit 011i:i tii forun) Lt I n rd( r to( i( hic %,, thlt bcast poessi10i c ;Icci1YO

sp~e ii I n n t t i tInt>; vii he wozi i.iiYtd at[ olioot ')I:) d il 1 rli '~I l' tlie ill
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measured c Iular area having a djame tur of 0. 1 ,"1 or less.

The cffcct of the arc evii';i.ion will be cancell ed by mvoentarily interrupting

thu arc cui rcnt. Therefore!, it will. be neccessary to perform each mezusurevient

in a short eniough time for cooiling to be neglig;ible during the MnenSUri ng time,

So0 tllia t c0uolillg' can be measured as it flnc tioa of time. Thbis wil~l be teal ized

wAit Iic h use of thle ONA systMLl aIs a dctector whii ch is caiplihl e of detectLing

thu, whole spec('trum atid rsortiLng the 1ntensit-1y funti ion fin a file at times as shtorL

-is 30 lis.

Calibration of the whole optical. train dc-pends critLically on the quality

of tihe radiance standard and that Of theC op tical comp~onents. In order to avoid

the problems usually associated with optical aberrctioiis , we chose the following

Sol u I i ois:

a1. to el imnilsateasic sti a-xJi viewing oinly is used . Tfis canl be

achievckd vi tl1 the tisce of two 11! rec tions a itr-s nfr

b. chrema ~tic abcr rati as is eli ml usted by the use of mivrors.

C . sphcri cal aberrt e"; are ci iminsted by the use, of off or onu-axiJs

asphe-i cs.

Ii oi der to iivde] the oplcal ,;ys tcm, D~r. All ew-imd ' s exact optical ray-t racill4i

PrOc('aml Vwas li:;ed( wi Ill thc- 1MT-iBM; 370 conjut or. Thjis ,3 ra was us(-ed to

est.imate tile i maIug ua i Lij of iverse iir ror systems; inic tudiig of f-ax is

pa "?I ? )o I aC:ssei i m i Iy pm( ~ l rr o- is I i o!)s b), 1so- d o n tI c sere o ; r t wo

a: ;phl I i c:s,.tholl,-r~e I I rm ha.] (), spherces -Id oil Ashe ir I r l

Iilm:1 I Iy , sj '1 Cam;:-cmS-' ill typc em%'iianmt !()i wo!: ('bO :ch bS s ed oil a!n (' 1 i pt i ('

t-1 y I, v! y I 2 m I- I i lI ;, cY A o'hi 1\ ') k - i ?; 1, 1 1rp I v 1) 1 -

~~:,~! 1. I . I Im ip i ,I I po V1 Iil 5m ho'i i PiemIC aa ! l ~ i , d I I i

'I~ ?-; tit , 1m Ft mm.'dt Ili d ',' Cc 11- I s e . 1m' 1EmW

I ~ ~ ~ ; 1,:. IJ, Ip ;'io is!hmi Im mml ki oi c:I. ' i ~ m.

1hr, gd t ;:". 1- il!" ; L - L.
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rays (19 for eh souirce poin t) oit the image;L plane. The largest extenut of the

imlage. is ((1)1811)0( for al f;OLrce(- Oil the o~ut eli(&)5 I; Ci re .1 e. Thi -:8I~)OL Cover-S ahlut

12 pmi, confor tably smaller tin ot the req u red 0.1, mm. Onl axis of course, the

model shows a perifect imiage.

'Thu shole optical trainl, covipri si uig thj., cassegraiinj type iniir r'r , scanners

and a spec: ro,,raphj is; 'teug moun ted onl a s turd)' C0171,merc .1al optical bench.

The poraibol ic and hyperholi c mi rrors haebeen nrd red and wert- roc i ved

in Apt ii 1981.

UV-V';W 0b e _ical Trains

.SpecLroscoic C b-& rva ionis Wil 0)t roqtliiee( as aIberrationl free a1n opt ira]

SySLtLem as the it ofrare-d 11Ic-roscopo, unless a good spatial resolution is requir4ed

as wou IbIe the i casFc f Or a rCctipera lure 0 urnnI h;i red twa i it t' in K 1 t '

and recquiring, in AlA inversI on). TheL 1KR uiirnsni Optics cia also bew u, Ad for

S p)uc Lrasoj t c ol i .8 A'n c inlco i I catnnot be d inphinagmd doia bcoos thc

So] Id inio' hilnterrep tLd by it!;ni ar it Uw111 lice VAI1 whnVery

smll. a1pes Lure anj'jo 5 a re to) be use;d. zh c r,a nmtr 1dobe-sfpt

I ens was cdc, i gind al)it of quar'11t 1. lid (:8~& cjI), 1 1 UoYj dc r 4 Iisln a

be uised at \7vil Jl s1 low as 20C nnm w ithi very !-iiizi.]. a'ia o. Fgr '

is a! rer'sr tstn of the spcc I]silrole1at ty of th2 t syA-cr) CoopuIt e'l

wi tht Dr. Al.eian ay-ticins pragrii. Onl theL vet ticol1SX is rep r-s(entocl

01c,' wi!',hL Inl 1!1n OF thle lipid paju of the' COnsidere-Ld 1rv on i O entrAnMCe j)uj)I,

aald an t he. her- i zoi11 ; I lx a Is i 11 t h(' it O':8cc" '.fill (f[s a t 1:1,1 t Y ' \'i Alb tile

I ; 1 011 Ti I 1 1), 1 * 0 L' I 1- 0111 1 tm i f I( ri~ 2 J 0m to u 1

I~~~~ It bi 5' I . ' is i I: Vl, ic t - t I 'k CIW(11 iIc 'ltC ;Old b ~ i
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0.01 min

2.66 ' 2.67 mm

-2-

1 -0.01

{20.01 M

0.01 mmr

- -- 0.01 h
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APPENDIX B

Hi-- jritD euao

Sjtc i f icat io)IS

Thle mechanical zind electrical specificationis for the Current Regulator

a re as follows:

1. Inputs: 0-SO V' dc at 0-1-001) A. 120 V ac at 3 A.

2. Outp)uI: 0- WOO A dc for a resistive load.

3. Outpuit current1 is continuously adjustable from 0-600 A.

4. Front1 pane1l. Control for adjusting, the output current is provided.

5. Free I panel. meitering of output voltagek and Output cuIJrent is provided.

6. The regi ator will. be constructed in a standard 19' relay rack cabinot.

Cab'i ut to be supplied. by M IT.

7. FOovId a i ! "Id WItlor C~o I it'). are u,-ed . Water IoCn u rettent s do not

exeo~ 5 (1;'t i t1 i nlet prce.;sure not exceeding 25 psig. Open cycle

WaIter COOI I in ui;d.

8. Apprioprlate hlif glo eu ren t dc to-rnoi naIs for input and output are

couv t~e 1 located.

9. An tomatic e sldown i s provid ed under I he following:, condi 1tions:

a1. 1 (is f wate r flow~ rate

1). high livhct s ink relipera t ti-es

0. On ~put sun1fOr MOMn i tlug olutput vol1 tage' a11 iQUtput current

are prov I tied

11 .I: tl It11:11 cui fet-1 cent rot, by mea-ns of extorn:il current signal , is

proltv ded. Exenlinpt is (1 -10 V lull1 sca-le wi th input imi-'dance

ir. L 11,111 I M tild ICCII .Wy o 0.1, oif ftil I sa
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1.2. The output coclre-nC rCSponse to a St Up change i n the extcrual uL rreloiL

rcfernce sign.jaI wil 1 have the following character i ,tics %it1h

respecL fo a 0. 1 2 resi st i ye load.

a. The output current will. settle to within 1.07 of full scaile vitbi a

250 ps over the entire operating ranye.

b. The output. current response will have less than 107 overshoot over

the cntir, operating range.

c. Items z: *md b above will ho met withLn the restriction implied by

the opcn circuit supply voltnge.

13. The st,pply is suitable for u;c with certain types of PAF arc startig

equipmlLnt.

Il. The supply will- deliver 600 A continos;.y at 1n output voltage of

25-60 V dc lth ;, inpul vc3J,-,i of 80 V dc or less and specified

15. tl h L::.-I ,I;,m p.ald ov -clo I piot-ection of the supply arc don ijgncd

fol 6(!: .\ rmp,..

16. The suiFply w l t con i nunu:*l y dcli ver rb.; trary ('11 C01 t waVCs1h1api's

of 600 A rma with pea Currcnts not c.cecJing 1000 A.

17. 'lhe -upply will deliver full current into a short circuit for

periodf; of 5 a or less.



A ]I' . ND IX C

TI lieL t-I lid ed t i Lie up-,r roseopy or thec va per phais e above t hie we ld pool

JWri itV in eL; iihllL tiil Of t he absol ut c raitte of met al. vapoi /:IieL o IILtO thtic

wI d in wp1 ,~li as tii I I ,e.Lt crmiiis L io o )ft I heI -isirc oif vajporI co Ie I ro L i on s

c)I id iv i di2 I 1 ,1 Io 'iw cl t I11011 tO. A irI h! )al I I, o f the eva po1>~ Li up, e h-i'Len t.s,

frw Y lt Oe s ta:t L LbII., i n islI of the i c:.pc Iii,, t %will be. hel.]pfulI inI deternii ill,,,

thw seleci~eIvi ty of ev,!porzit ion in Idi I jr( It t. W i and, al 5 1)]111oys It wll1

Ai~ I em o e7 rpoatio (d ti'Jh .s to thli n;11io-t Iii:4. Cl-C(iflteiltid in

v.. i P ic g i a ord'. e to re Ie thi I el, ,<ii ir iintal oqu i pi.iat hoa- beeni btii lIt

i ii ,'I o (f a11 'rt ' wt L I 1:1W ci, , onl Spce-c ":LL tl i f romi Sairl] w;

;iLiti'. with 11 t'' i I i'':u .1'. ii a li te'. idl ;il 11. liz: F o L tiA

Ii I S I sIk I 1. cc I k. . of t e I. Z! J' k ~'~ I L1 "I! l '.'C i I I I''( i L 11 1 11 foil

Ille ti - t- 1 I d I-te~ p
1  

Vra -f I)'i b- l i t v I I- i I ce

rI' I L T]f I L; 1. 1 t [lii :f' I 1 1 'i A ' ' t I- S1 11- 11a i ) ov di Iii I '*11 ' 1 i1&)i and '

tL0 t' ! Ii ('l Ii' I 'i i , Of fi il, V0, i 2 1d i C ip I T ji I- c al :- I d 11 '] o I Ie -0"

tro'l It II I - :.i t Ili t . a !meI I S. t v pnr o l I 1i ii ilo 1 s Iti i 1

I , I w1 ,;i.: ,l J i : lii [ I, i 'i\ onl " 111 C! Ir o 2 LOn i' o If i -On i'

1.i. d'. 'iiiI



APPEND)I[ X C (Con t i ntivd)

Alt boughl over 50 c hanncls ( .cR1 ; a r'. nvnfli b 1 onl the CLC SpecLI o!%Ctor,

IhC d . ff i I Io It ali f.11 0 nLI 1.1 OW: for Co n Or 0 t !I nfour channelIs Lo b I ued-L S i Ilii 1I-

t nleow. .a Iy lI fc it L 1, pm;, ib I) 1o LO l sure i c ulee ('101tS o t I r t I an Fe , Mil, Cr

and A] , 11ere-ly by Vet lcicII of diffvreat-~aou~p r in thec spectromletcr.

Af tur a numtvr of imipr('vec il 2 in OhW I1XcIia I (10,1 iu it of thC rl-hi

and ofl Lhe elect roll Ic:;, r jlrodtlCi 1,! e;lI hilVe beesn obtaineud oil Natiioila1

JbureaUU of- {vind ards sp, c iumm"; Presently, al :;(t of ta ad iglsis beliii-

!Ftur Alic aCcua vCCdi Wld illn' a]l~q willx I.1 be to d. If ill hel fliture-t

copperC 1)a0se a, Or aIl uInui, based alloy., ar1e to be Lslud icd, thc in"Lcra1:1l sAnld

call b(-chw i',I-d from i I-W t 0 COIpjmrI Or Cilu M!,



Witer- cooled turntable and
~Jl-cooled elect rode- holder
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(II



III _t ea sel) 1_ c l)Lt(L'tI O t oj ofe] d. Saj

Autumn tLc welding can he cotiie;Idulrd ato i))ljc a L Jea;St two.1 di;Li uct

aspoctU;: tie nIIchnIi i zaL innI Of thec wel ding process , aw id on to] of 1-11 we Idin

process to improve the( quLality and (iofl 9 Ic~(iwv of weldcd joints. A great

dceni IOf effort. ha:S beciu conern L en Le-d on tiW V fLhCh 'I ~Zn ~tiI lOllf We 111 og; Ulilik-1

Iless IlIas beenI ( do Ie to deveA lp a lev Of Cown t 1ro1lillug t 11' ld (qu: i L)' i Ise If.

PModern c(litriii theory is geea N'incti rud with Inungthe out puts

of a s;y,;LLtern to ho C i CA10ol .C(l , CL&;;;p:iinfg tilfI it] Lb aset of dcv; Arod OUt pu Ls

aInd OWhE,.ai0;t ~L th ui Lu' the 010 t inl SLlCH al w;!y that tdes (ICS.eo

Outpu IL tScan I lW ;]i I ei. iu1 th c1re C'5 Of VC I d i I i, h dcawi rcd oult[[ILt 15 sI

j oint betLweI i tea) FleL :1 't t Ia t I I, ; (.I pr, e ,I0I L ,I of aI h o !O;un"C"Is p)i1 ro0 of

fit La 1I. C-tiff-e , a? it' d U tiv et ra be i na-p. aft I . I di inl order Lo

iI~eriei ie t 1. al t it ka ((;'1 1etc ail Can~ ra a tr v erfi'r' it,,-

1i1TiCI l. i.'\r all k v go, aL ir t0 oli anLl t-h i'i piae it w..ill

be L');2:; 111 01 (-; tp~a: ra1lurill b('~airdduig Vehlln

to plridiha izl&iiat i il of Lill qiil it'. of' a weAd.

Thc (V:,'rte u10Clilalv ci ted a-iH s of liottiil] -value

10Y !LLi link ii thi quai i t \' t j ; d d aill i si a tlie pt('10t rat liln. 1101" LW~C

Uc.' tIclmiljur. ri ('1- lnt ly eU i at for- ;':.l l 1Wte p ~ i ; o of a1 wr I inl-

1)r (I c e ; . !;ecl ;I turcill i !iie W011 Id be of-g a au in .1121 ICent I'C t.g1 fed IL-

I I v ti -s L2 r I t k, I' of I!i I I r~t;ol ii it I r i I I c iu 1A' . ) 4! . i



Al IEN ) 1 X 1) ( coil1 L i 111.1 C )

and lack of fis ion are, examplIes of d i s:oot i nui Cie,; ini a we1led joi nt whichI woulId

D-I SCOlIi LiILtS noonsduosi ty J'radiln Ls will- ex Iii t at t Lhu in Ler fice bietween %olidl

and liquid miet al- and cause Lii t l-OLliid to be ref .1ec ted ; henlce, a MOI)I ten 1i '

pndd lu shol d h ref ~uc o rlt The enlmier in whichel ul t rasoiid is refl ectecd

from1I a1110 OLCe V'( 1C1 p)Udlo and Ole zimp 1i1_U~de of the( ref I Cc Ld signal wil 1 1 b

a f unctLion of thie ii zo and shape of thLu weld 1 iucldlu icIn principle one call

de t rinlin tIu 1 i ( nul1i.0115 Of u! 1111)1tei i Ipokd 1cu fr n r um it rasc'aIm C Lbl j L trace

(1 a. The resuilt-', of suichI yiiiv~~l cool d thel hi e us15cd to dc uc. hols'

to *Ilter *C ruITrrul t, torICh [ra'Vel aci*or olie(r wel p1 clL.r in order

to oc~iieth (Iu IrUpbLi OI

Lraii;l;ithuc 1inc. 1-L' i',,11 ot in1 ' 1 efc l ic hility to do

t L. i ~ n j or- ulj- it i \c W- ('11 V I.i I- -- i v 1 11 U LI I.Vli l r rozi ii'L lr j\'

to L I Iiii. n .fir. 111 []( in Ci;. ( ;t i 1. 1 11 i i, 0 WOl'e4 ic

u r;I ;oii cs ;i)'p t. (,: lIt 11 1- p, ('~ V I : j 1.1 t ll t 11 1 1. V~ soundA ti p!;g

in1 :1 L.T 17, 1 I ie I I l I O I ' V I hluvi' ( olid It I en; , t he -,i ;Lu

S11 , 1lr 1p C. o i e 1 ic I m- till I~ It r) d, i k Iilt ki t tie P I
t
h fol 1 o"., (I

; I I e I v ,nd t I - ,e I i c I t r 111: p. I I pi'' I S

Ck* V:d :A ' 11 J- _ '. W l. I't.!(ri"



AIPENhDlX 1) (Coll L inued)3"

for the pirpi;jO(, of ipene trilit 10 ensulrclilt, U I t jascilli sc;i I bring t .chiq(Ucs

are beilli cowm~i elred. In this aprocliu trnoii iurcliliis are( madc ill

several 1 oca ti[ois and ;i rc us~ed to o 81 im0:1tO I the si.ze of' a re-fJ(Oct or froll Owi

di;t ributionl of the sisilna1 receive at the di ffu rot 1locatinons. CUrrentil Iy

several re;alnr Ire en igat lolg ftreqentey do: ..in no ti.ring terlmip,'ls

Ccl Ictcrinn Ltt, si. :' oflv in ma tel Ia s.

TheC etfErnt ;ftc;'pL~ 1-1 cieVelop Z,9t0' for Lli& Llltr!soniC lIiioaSlremen(Itl

and cointrol Of penet inni C;an be brfolken down inlto thiree, ba.nl tasks:

(I) verificant on of Ilh( ro(ncopt of Litt rznon it iticnmwIarm

(2) developmtli oif a proct i(,11 teolrImiqiw for OLJ tson ic pcni--trtion m~strln

(3) clevcl pI ()en: t oif we I d pont, ratLi ein co it L ol co.n.cit b. L; oni pcnt rat j onl

flea ~~ .Ot

'('Ie fie f i i rlc I1 lv e,lork, ;ifl 4.1 ol1 e. of f1

Iiieii)t!; , whilch %.. i Ii Ibe 11- Cd t o evaluart t. tim~ fcaiil itv of ilt 1-. so n ic 1) 1ne t It cm

I i I LIY( o.;ilc Lon . 'I('lie fiv ;t. Ot of expermreDOIs W1.iI 1 look at theI( enp.:bi 1 l e.,; of

Ill L Fan Oll LC ' 1 ((1 CL1 1 c i TIC! t 101. S CV.1i C I curl1:Ved in fac Uav beY fv i] C'IIIi IV )C 1wI cc T1ff

s t o('I It e an zIIId l..' i I be exnf'm1 nod I.,i Lb1 an 1 l tran.,,onli 4, prnbc i Thc ul Ll asoond

PC;ILI,',01 5an thec cqit tions of Feo'mIt to iC. ul t rani-niin w I I I t hOif lit 11sed to

(letcriiiiIli t Ini !, i o of t he.- m i lc kd ncrllfJCoo Oil, t Ime renmil tI ; wi I.1 bof comnartcd

Wit( IfI d irYeet I'lmlk_; IIr UMfcn i toI chIt'ceck t 1)0 r (I'CL: 1 ,ir CeV .

(li c~i Set d0:e f jp.rlontS wi 1, 1 be pcr foi11kd t o JflIc'fI'i ii,,e Ow.l~l

or1 l": t rof I L co vI, t 1 1,; 1 1. :m7,u'1 n tm I 1 t-- It cce t (Ii i Tn; :Ilnd n tha 111 i ;!,. c m C~C

1'Lltm. (*tn b1' i::d,. J n I'der, t o l r f ,1 ') t I c I wf k, j Im I t a I ,t L i c 10 Il() III

ple V I I 1118lw w;8 ie 8l ;it if wl T Ct, Lt1f.0tii 01111 81 in I t rnoiiimI Lt:i1 -,'hic(i

1iII n! 1 d ctIe k I1 ;";ollc Ift~ cc . iF Il f CI I:m " lt c ) c (I e

It 1n . C1 p . I 1 1) (f. 0I 8 i f I, !t 8 f t It,, 3f p l i It, FI kll' k O I f) I I 1! .i8 1



A1'PENIl.X 1) (conthmned)

A f Lcr t Ite e'Xpe CI ili t( [S itre cow p( Ic ted t I I(- isLt .,wi ry welId s wilIl be sccLj loned

and imieasured to !it-e lmw ,,we1 l I ao -- iuIII.-; of Owe puldcledimens iox.;

agree wi th t Iw ac tlI s i-Zc of th,, ;ol I id if I cd ve Id.

An ulIt ra sotind pul sc -r re v-i ve r is ur ('1 '1 L1 t I y undeI r eoils L 1-otct 1 on so th. it

the above e:-Tpr i siiiLS can lit car rlt-d out.1 punc-i cip tt. iop of [hoe experiments

theC reCSOLS W111 wil ;-e-ash r nd a dccis; on rcaklht U ;d,out. the viability) and

fur ther (leve1l pC-o! of the( Con1Cept Of u ao c cntr on 1sea s-Urement.

Sosme rc].i l nryC: pe)r I Pent s11V have lenperformed( fo r h) th the 'COld'

and ''hot'' Si t~tatioli;. Thei forimer In icat cd Hithe -cc td rc-f.Jections, but

cmp hos; Ized the nee-d for v.c-i fnc-usecd Tus~i.'he- hot e:per imen -t wa1s in tended

only to louuk for cv iioc s of re fli CL nu from a In 0region. By iI ting,

a spot oil a1 p~il(te %:Wtl ait s.,t i01onarv VIG torCh ;iod pa -;N. igultrazound through

i; reg ion I. new-. rf-f('C Ic P; tclt C(C";d~ Usi that coricesponuled iuughly to

tI- it m(O t en on~ 001 L)cat oii *i Ilk- -rist0 there fore , give cloa litiltive

re i 1orerc;!uin~t to I uti!s rs *nn :'t IIIJadnoscpn expolvielt'; will

moreFL 11-i ' i t. qwm~,(LnnLilv t h ' - c-u .


